This study reports clinico-epidemiological features and viral agents causing acute encephalitis syndrome (AES) in the eastern Indian region through hospital-based case enrolment during April 2011 to July 2012. Blood and CSF samples of 526 AES cases were investigated by serology and/or PCR. Viral aetiology was identified in 91 (17·2%) cases. Herpes simplex virus (HSV; types I or II) was most common (16·1%), followed by measles (2·6%), Japanese encephalitis virus (1·5%), dengue virus (0·57%), varicella zoster virus (0·38%) and enteroviruses (0·19%). Rash, paresis and cranial nerve palsies were significantly higher (P < 0·05) with viral AES. Case-fatality rates were 10·9% and 6·2% in AES cases with and without viral aetiology, respectively. Simultaneous infection of HSV I and measles was observed in seven cases. This report provides the first evidence on viral aetiology of AES viruses from eastern India showing dominance of HSV that will be useful in informing the public health system.
INTRODUCTION
Acute encephalitis syndrome (AES) is a major public health problem worldwide because of its high morbidity and mortality. Although incidence of AES varies according to different studies, it is generally between 3·5 and 7·4/100 000 patient-years, and is higher in children aged <1 year and adults aged 565 years [1] . Aetiology of AES can be infective or noninfective. The infective agents include a wide range of bacteria and viruses that can also vary according to the geographical location, climate and host factors [2] . Although viruses are assumed to be the major pathogens, most cases remain undiagnosed. Japanese encephalitis virus (JEV) has been attributed to the majority of AES outbreaks in South East Asia. About three billion people (60% of the world's population) live in JE endemic regions and JEV is a public health concern with around 35 000 cases each year, 10 000 deaths and about 30% of survivors developing permanent sequelae [3] . Herpes simplex virus (HSV) has been observed to be the major causative agent (1 case/250 000-500 000 population annually) in sporadic AES cases in Western countries with high (>70%) mortality in the absence of acyclovir therapy [4] . Besides JEV and HSV enteroviruses, West Nile virus (WNV), Chandipura virus (CHPV), equine encephalitis, tick-borne encephalitis, Nipah virus (NiV) and measles can be attributed to AES in different proportions.
Even though AES cases are frequently being reported in India, the actual contribution of viral encephalitis is unknown, because of problems in establishing laboratory diagnosis and the fact that a wide variety of CNS disorders, both infectious and non-infectious, may mimic the illness [5] . Available reports on outbreak investigations in India have shown viral aetiology in 6-100% of the samples tested, with JEV being the most commonly identified pathogen [6] , other causative agents were CHPV [7] , enteroviruses [8] and NiV [9] . Hospital-based investigations of AES cases in the country had confirmed viral pathogens in 6-86·7% of cases with either enteroviruses, JEV, dengue virus (DENV), CHPV, measles, varicella zoster virus (VZV), mumps or HSV as the attributed agents [6] .
The above reports were mostly concentrated in Uttar Pradesh, West Bengal, Andhra Pradesh, Tamilnadu and Maharashtra states. In the state of Odisha, located on the eastern coast of India, the first outbreak investigation of AES suspected for viral aetiology was reported from Rourkela city in 1989, which showed JEV as the causative agent [10] . A subsequent report from a hospital-based study in children during 1992-1993 indicated JEV infection in 11·4% of AES cases where other viruses were not investigated [11] . Since then there is no information available on viral aetiology of AES from this region. This report provides the first information on the spectrum of viral infections associated with sporadic hospitalized AES cases in this eastern Indian region and will be useful for informing public health action. Observations on clinical presentations of AES cases will also support syndromic case management in situations lacking a laboratory investigation facility.
MATERIALS AND METHODS

Case enrolment and assessment
This study was performed in the eastern Indian region enrolling AES cases admitted to the tertiary-care referral hospitals in Odisha catering to patients from Odisha and neighbouring states (West Bengal, Bihar, Jharkhand [12] [13] [14] . However, cases positive for malaria by either peripheral smear or immunochromatography test, presenting with fever and meningeal signs confirmed to be of bacterial origin, or diagnosed with any metabolic encephalopathies were excluded from investigation for viral aetiologies. Demographic and clinical observations were recorded in a predesigned format after enrolment of the cases. Samples (CSF and blood) were collected according to the standard procedure and laboratory investigations were performed. The patients were observed in the hospital until discharge and clinical manifestations were noted. In a subset of patients with viral and non-viral aetiology, neurological impairment and quality of life were assessed at 6 months after disease onset through a questionnaire administered to the subjects or their parents and relatives regarding the patient's recovery, activity and autonomy in daily life either by direct or telephone conversation. For this purpose every second patient diagnosed with viral aetiology was included following systematic random sampling. For each of above viral AES case, one patient with non-viral aetiology was selected from the patients enrolled in the corresponding week by simple random procedure. From these patients 40 viral AES cases responded, against whom 40 non-viral AES cases were also included in the survey. Any change in behaviour, impairment in speech, memory or concentration in study, need for anti-epileptic treatment, occurrence of seizures, need for speech, motor, or any other rehabilitation after discharge from the hospital were recorded. The patient's outcome was defined as 'favourable outcome', for those having good recovery or mild disability and 'poor outcome' for severe disability or death as described by Raschilas et al. [15] .
The study was conducted under approval of the Human Ethical Committee of the institution following guidelines of Indian Council of Medical Research Viral AES in eastern India(ICMR), New Delhi. Written consent was obtained from the patients' parents, guardians/caregivers before enrolment and sample collection.
Laboratory investigation
Samples were subjected to either serological tests (antigen/antibody detection by ELISA) or PCR/ RT-PCR depending upon the day of sample collection from onset of symptoms. Early phase samples (within 5 days of symptom onset) were subjected to PCR/RT-PCR and antigen detection by ELISA, whereas IgM antibodies were tested in late phase samples (>5 days after symptom onset). The above tests were performed on blood as well as CSF samples collected from the patients.
IgM antibodies were detected by using virus-specific ELISA kits [JEV and dengue kits from National Institute of Virology (NIV), Pune; HSV I and II from Novatech Immunodiagnostica, Germany; measles and VZV from De medi tech, Germany; enterovirus from Serion Immunodiagnostica, Germany]. Detection of NS1 antigen for DENV was made using the ELISA kit of Panbio, Australia. In each test run known positive standards with low and high titres and negative controls were used to interpret a positive or negative result/titre to avoid positivity. Any borderline test was repeated twice and the average titre was calculated for final interpretation.
Viral nucleic acid was extracted from 200 μl of specimen using either the DNA Extraction kit or Viral RNA kit (Qiagen, Germany). Extraction of DNA or RNA was performed according to the manufacturer's instructions with requisite in-house modifications. Either 80 μl DNA or 40 μl RNA was eluted at the end of the extraction procedure. Nucleic acid was either processed immediately for PCR amplification or stored at −80°C for further use.
Conventional PCR was conducted to detect HSV and VZV according to Read & Kurtz [16] . RT-PCR was performed as previously described for DENV [17] , JEV [18] , WNV [19] , measles [20] and enteroviruses [21] .
Diagnostic interpretation
Viral aetiology of encephalitis was considered either definitive or possible based upon the sample type and evidence of viral infection. Presence of viral genome by PCR/RT-PCR/culture of virus or detection of IgM antibodies in CSF were considered as 'definitive', while presence of viral genome by PCR/RT PCR from blood sample or detection of IgM antibodies in serum and absence of above viral markers in CSF was considered as 'possible'.
Statistical analysis
Descriptive statistical methods were used to present the demographic characteristics of the patients. Fisher's exact test was used to compare the relevant data between groups of patients using GraphPad Prism v. 5 (GraphPad Software Inc., USA). HSV I or II IgM-positive and HSV PCR-positive samples were grouped as HSV infection for analysis because PCR-positive samples could not be classified further.
RESULTS
A total of 526 patients satisfying the case definition and exclusion criteria were enrolled from seven hospitals during the investigation period. These included 249 (47·3%) males and 131 (25%) females aged 415 years, while 77 (14·6%) males and 71 (13·5%) females were aged >15 years. Median age of the enrolled patients was 9 years (interquartile range 16·25). Age and sex distribution of AES cases is shown in Table 1 . Most (85%) of the patients were reported from a rural setting. The cases were found to be distributed throughout the year and monthly distribution is shown in Figure 1 . Thirty-three percent of AES cases were enrolled during September-December 2012, which falls during the post-monsoon and early winter seasons in this region.
Evidence for viral aetiology was noted in 91 (17·2%, 54 possible and 37 definitive) out of 526 enrolled patients. The laboratory investigation results are summarized in Table 2 . Evidence of simultaneous (38) infection with two viruses was observed in 22 (4·1%) patients. Seven of these had measles and HSV I infection, 14 had HSV I and II and one had dengue with JEV infection. The distribution of AES cases showing viral aetiologies in different age and sex groups is given in Table 3 .
Clinical features
The major signs/symptoms associated with fever were altered sensorium (97·3%), convulsion (46·7%), headache (30·9%), vomiting (32·6%) and meningeal signs (26·2%) in different combinations. Detailed clinical features are given in Table 4 while comparing the clinical presentations of AES cases of viral origin with others. Skin rash (15·3%), motor paresis (6·6%) (20) and cranial nerve palsies (9%) were observed to be significantly higher (P < 0·05) in patients with viral AES compared to those of non-viral cause. Out of 71 patients diagnosed (50 possible, 21 definitive) with HSV encephalitis meningeal signs were observed in 26 (36·6%), hemiparesis in four (4·7%) and cranial nerve palsies in five (5·9%) cases. Both meningeal signs and cranial nerve palsies were observed in four cases. Two HSV cases had cranial nerve palsies as well as hemiparesis. Meningeal signs were observed in three measles encephalitis cases (two of which were also positive for HSV I). One case of measles had both quadriparesis and bulbar palsy. Paraparesis was observed in one varicella zoster encephalitis case. Meningeal signs were observed to be significantly higher (P = 0·02) in HSV-infected (26/71) patients than non-HSV viral AES (2/20) cases but presence of rash was significantly higher (P = 0·01) in non-HSV (7/20) than HSV-infected cases (7/71).
Outcome
The patients were treated in hospital with antibiotics, antimalarials and supportive medications following standard hospital guidelines. Diagnosed cases of HSV infection were treated with acyclovir. Out of 526 AES cases, 37 (7%) patients died during their hospital stay of which ten had a viral infection (Case-fatality rate of AES, 10·9%). Mean gap between hospital admission and death was 6 days (S.D. ± 3). Out of 489 patients discharged from hospital, 80 patients (40 with viral AES, 40 with non-viral aetiology) were followed up at 6 months post-disease onset and information collected as necessary. Sixty-six (82%) patients had favourable outcome and 14 (18%) had poor outcome. Favourable outcome included complete recovery (n = 23), mild loss of attention/concentration in study (n = 41) and easy irritability (n = 23). Thirty-six (90%) patients with the diagnosis of viral AES had favourable outcome whereas four (10%) had poor outcome as death occurred at home. Thirty (75%) of AES cases not showing viral aetiology had favourable outcome and ten (25%) had poor outcome. Poor outcome included two (5%) deaths and severe neurological disability in eight subjects. The patients who had poor outcome at 6 months follow-up were observed to have poor Glasgow Coma Scale (GCS) score (GCS <6) during admission.
DISCUSSION
Previous investigations of outbreaks and sporadic hospitalized patients presenting with an encephalitis syndrome revealed viral infections as a major aetiology. However, aetiological diagnosis of AES cases still represents a diagnostic challenge [22] . It is of note that a large review of over 1500 patients presenting to healthcare facilities in California, USA, showed that only 16% had a confirmed aetiological agent (the majority of these were viral); 13% had a suspected agent and 8% had non-infectious cause identified (autoimmune disease and vasculitis being common). Aetiology was not found in nearly two thirds of cases referred to specialist units [23] . Of the confirmed viral aetiologies, the type of viruses identified in different parts of the world also differs considerably. HSV was shown to be the dominant viral agent for encephalitis in China (15%, 2012) [24] , Vietnam (63%, 2012) [25] , UK (22·1%, 2003; 19%, 2010) [26, 27] , Norway (19%, 2013) [28] , Spain (71·4%, 2013) [29] , and France (21·7%, 2009) [30] . JEV was the predominant cause of AES from Uttar Pradesh (23%, 1990) [31] and northeastern states (Assam, 2004; Arunachal Pradesh, 2011) [32, 33] of India, and Cambodia (31%, 2002) [34] . Enteroviruses were reported as the major cause of AES from Uttar Pradesh, India in the present decade outbreak investigations in 2006, and a prospective study during 2009-2010 in Uttar Pradesh [8, 35] , and also from China (15·4%, 1996) [36] , and USA (25%, 2006) [23] . A study from China (1996) had shown enteroviruses (15·4%), mumps (7·2%), rubella (6·1%), JEV (5·1%), HHV-6 (2%), HSV (2%) and EBV (1%) as the viral aetiologies of encephalitis in children aged between 7 months and 13 years [36] . VZV was found to be the most common aetiology (25%) of encephalitis from a population-based study on AES in Finland (1989); where mumps (8·4%), HSV (7·3%) and measles (4·2%) were the other agents identified [37] . Besides the above viruses, NiV (West Bengal, 2006) [9] and CHPV (Gujarat, 2005; Maharashtra, 2010) [38, 39] were reported as emerging viral infections that caused encephalitis outbreaks in Indian states.
The present study reports the first information on the viral aetiology of AES covering a wide range of neurotropic viruses in the eastern Indian region. This investigation on 526 AES patients admitted to referral hospitals of Odisha, has shown viral aetiology in 17·2% of patients; HSV was dominant (16·1%) and other viruses were measles (2·6%), JEV (1·5%), DENV (0·57%), VZV (0·38%) and enteroviruses (0·19%). This proportion seems to be lower compared to many reports of viral aetiology, but was similar to the recent report from USA [23] . This can be explained on the basis of case definition and other possible aetiologies.
In this study the case definition of AES was adopted from the WHO guidelines [13] . The same guidelines have also been adopted by the national vector-borne disease control programme (NVBDCP), India [14] . The case definition was tested by Solomon et al.
who described that this case definition can miss some cases of AES [12] that present only with meningism, paresis or headache. By contrast, this case definition can include some of the cases of bacterial or viral meningitis that can present with a short lasting or ill-defined altered sensorium. This could have broadened the denominator, hence reducing the proportion of viral AES cases. The relatively low identification of viral aetiologies can be due to possibilities such as: (i) the case definition used was more sensitive but less specific, (ii) delay in investigation because of late admission at referral hospitals in case of sporadic AES cases, and (iii) greater chance of viral identification in an outbreak setting due to planned and timely investigation along with better case selection due to closeness of case presentations. However, despite the above limitations the present report is important when considering the inherent difficulties of viral diagnosis. This is the also first report that shows HSV as the dominant viral aetiology of sporadic encephalitis syndromes in India and indicates that HSV can be an important cause of AES both in tropical and cold countries, although it seems to be prominent in low-temperature zones.
Measles was the second viral aetiology (n = 14, 2·6%) in the study. All measles patients had cutaneous rash as the initial presentation before CNS involvement. HSV was found to be associated with measles in seven (50%) subjects. This supports the possibility raised by Orren et al. that measles infection can increase susceptibility to severe HSV infection [40] .
Seven cases of JEV infection were identified during the study. These patients belonged to five coastal districts of Odisha and all were isolated cases without clustering. Almost all the cases were reported during the post-monsoon period. Paddy fields, post-monsoon period and low socioeconomic status have been shown to be epidemiological factors for transmission of JEV [3] . Although favourable ecological condition are apparent in many parts in the studied area there have been no reports of JEV infection in the state of Odisha since 1993 [11] . This could be due to lack of attention of the public health system for JEV investigation especially during AES outbreaks or that the ecological triad for JEV infection has not been established in the region because of unexplained reasons.
In this report dengue infection was found in three patients with AES, who were referred during a dengue outbreak encountered in the region during September-November 2011. These patients had thrombocytopenia along with CNS involvement.
One of them died, even in the absence of haemorrhagic manifestation. Although precise pathogenesis of dengue-associated CNS manifestation remains unclear [41] , this report adds to the potential of dengue infection for encephalitis that is being reported with increasing frequency in endemic areas [42, 43] .
Two cases (0·38%, one confirmed and one possible case of varicella zoster encephalitis) were identified in this study. These patients recovered from exanthematous illness but developed encephalitis within 2 weeks. Neurological complications (0·01-0·03%) like cerebellar ataxia and encephalitis caused by VZV have been observed from India previously [44] . This suggests that although encephalitis is rare, patients recovering from rash due to VZV should be placed under follow-up to avoid mortality.
Only one possible case of enterovirus was identified in the study, even though enteroviruses are among the well established causes of aseptic meningitis and encephalitis in young children [5] . Virus detection from stool samples, which has not been included in the current investigation, could have added to the diagnosis.
This investigation on the aetiology of hospitalized AES patients has shown evidence of viral infection in 17·2% of cases and provided the first information from the area. However, it is limited by the fact that other possible aetiologies have not been addressed. Autoimmune encephalitis is increasingly identified as a cause of AES with advances in laboratory detection of a variety of antibodies, e.g. anti-N-methyl-D-aspartic acid receptor (anti-NMDAR), anti-LGI1, anti-α-amino-3-hydroxy-5-methyl-4-isoxazo-lepropionic acid (anti-AMPA), anti-gamma-amino butyric acid (anti-GABA), intracellular antigens anti-Hu and anti-M2, etc. [22, 45] . Autoantibody studies and MRI scans would have identified some of the non-infectious aetiologies that are also important for management of the treatable condition. Acute encephalitis-like presentations of Plasmodium falciparum malaria also cannot be ruled out as a cause because microscopy and rapid diagnostic tests can miss a significant proportion of falciparum infections and investigation by PCR could have supported the diagnosis in the malaria-endemic area [46, 47] .
